This study tested predictions of Gray's Reinforcement Sensitivity Theory (RST) in subgroups of sex offenders and male non-offenders using an experimental choice task consisting of a reward and a non-reward phase. In addition, RST-related psychometric measures were used. Both experimental and psychometric data were of interest to determine whether sex offenders could be reliably differentiated from non-offenders. Paraphilic (N ¼ 50) and impulse control-disordered (N ¼ 48) sex offenders showed greater sensitivity to continuous reward than male non-offenders (N ¼ 51). Impulse control-disordered sex offenders showed less behavioural adaptation under nonreward than both paraphilic sex offenders and male non-offenders. In addition, reward sensitivity, rash-spontaneous impulsivity, and anxiety measures discriminated sex offenders from male non-offenders. The results suggest that reinforcement sensitivity is a promising personality trait for differentiating subgroups of sex offenders from nonoffenders. The experimental and psychometric results illustrate that predictive accuracy in forensic settings could be improved by combining several types of data.
Only a very few approaches, derived from several areas of psychology, have been used to investigate the aetiology of deviant and criminal behaviour (see Buikhuisen, 1988; Eysenck & Gudjonsson, 1989; Gottfredson & Hirschi, 1990; Fowles, 2000; Moffitt, 1993; Timmerman & Emmelkamp, 2005; Zuckerman, 1999) . Some biologically oriented personality theorists have also successfully extended their assumptions to the study of offending behaviour (e.g. Eysenck, 1967; Gray, 1994; Zuckerman, 1999) . These theories have referred to the diathesis-stress model (Meehl, 1962) , which proposes that extreme scores on personality traits might account for the aetiology of criminal behaviour in specific circumstances. One advantage of these personality theories is that the personality characteristics that they address (e.g. extraversion, sensation-seeking, reinforcement sensitivity) are proposed to have a biological basis and to be distal influences because they are not restricted to the offending behaviour. Identifying personality characteristics that discriminate offenders from non-offenders are promising tools for assessing offenders' risk for recidivism. However, biologically oriented personality theories have thus far received little attention in research on the aetiology of sexual offending. In accordance with Trasler's (1987) assertion that ' : : : we [have] neglected the roles of cues and reinforcers that are external to the individual, in eliciting or inhibiting criminal actions : : : ' (p. 13), we focused on reinforcement sensitivity as a distal personality characteristic that might contribute to the initiation and maintenance of sexual offending behaviour.
More than 35 years ago, J. A. Gray published his Reinforcement Sensitivity Theory (RST), which postulates that individual differences in sensitivity to aversive (i.e. punishing, non-rewarding) and appetitive (i.e. rewarding, non-punishing) stimuli account for personality traits similar to anxiety and impulsivity and affective states such as fear (Corr, 2004; Gray, 1970 Gray, , 1987 Gray, , 1994 . Subsequently, reinforcement sensitivity has become a widely researched personality characteristic that has been shown to differentiate subgroups of mentally disordered individuals from subgroups of psychopaths (e.g. Gray & McNaughton, 2000; Fowles, 2006) . However, it is noteworthy that offender groups who commit a specific type of delinquent act have rarely been within the scope of this area of research.
Because of the increasing importance of sex offender treatments in recent years (e.g. Hanson & Morton-Bourgon, 2005; Marques, Wiederanders, & Day, 2005) , we were interested in studying reinforcement sensitivity in various subgroups of sex offenders and male non-offenders for the following reasons: reinforcement sensitivity has been associated with self-regulation problems related to approach-avoidance behaviours (Fowles, 2006) , and self-regulation problems in sex offenders have been associated with approach-avoidance motivation (e.g. Ward, Hudson, & Keenan, 1998) . Blickley and Beech (2003) also emphasized the importance of differentiating between approach and avoidance behaviours in sex offender treatment and pointed to the fact that subgroups of sex offenders with differing approach-avoidance motivations might have quite different treatment needs.
Before additional conclusions about the role of reinforcement sensitivity in sex offender treatment can be drawn, it should be established whether or not subgroups of sex offenders do indeed differ from non-offenders in reinforcement sensitivity. This issue is especially important because studies on reinforcement sensitivity have so far been conducted primarily with psychopathic offender groups who have usually not been compared with non-offenders (e.g. Newman, MacCoon, Vaughn, & Sadeh, 2005; Newman & Schmitt, 1998; Scerbo et al., 1990) . Thus, the main objective of the present study was to investigate predictions of Gray's RST in a sample of male sex offenders and non-offenders. In the next section, we summarize the predictions of RST and describe how the assumptions of RST can be used to predict individual differences in reinforcement sensitivity among subgroups of sex offenders and in comparison with male non-offenders.
Major assumptions of RST
In the 1982 version of RST, anxiety is positively correlated with reactivity to aversive reinforcers and a stronger activation of the behavioural inhibition system (BIS) when compared with the behavioural approach system (BAS; Gray, 1982 Gray, , 1987 . Impulsivity is positively correlated with reactivity to appetitive reinforcers rather than to aversive reinforcers, resulting in higher activation of the BAS relative to the BIS.
In the revised version of RST, Gray and McNaughton (2000) modified the role that the BIS and the fight-flight-freeze system (FFFS) play. In the new version, the FFFS is considered to be sensitive to conditioned and unconditioned aversive stimuli and is primarily responsible for avoidance behaviour. The BIS is viewed as responsible for conflict resolution, and it mediates behaviour that is executed by the BAS (i.e. approach behaviour) and the FFFS (e.g. Corr, 2004; McNaughton, 2006) . In conflict situations, the BIS is activated, and it innervates FFFS-related behavioural inhibition. Conflict resolution is especially important for explaining offending behaviour, because the BIS would appear to be less sensitive to conflict-related stimuli in particular subgroups of offenders than in others. As a result, in these individuals, the BIS innervates behavioural inhibition or adaptation less frequently than it does in other individuals.
In the millennium version of RST, the FFFS is associated with fear, but the BIS is still associated with trait anxiety. This differentiation, however, has not yet been confirmed with psychometric measures (Smillie, Pickering, & Jackson, 2006) . Thus, the current study followed Corr's (2004, p. 324) suggestion that sensitivity to aversive stimuli is related to the combined FFFS/BIS functioning for the moment. The study also used psychometric measures to test the view that Gray's impulsivity is a broad personality construct, which can be separated into reward sensitivity and rash-spontaneous impulsivity (e.g. Smillie, Jackson, & Dalgleish, 2006) .
Reinforcement sensitivity of offenders and non-offenders
Reinforcement sensitivity is a construct that has been shown to be highly relevant in the study of psychiatric disorders and delinquency (Fowles, 2000 (Fowles, , 2006 Franken & Muris, 2006; Gray & McNaughton, 2000) . Specifically, sex offenders have been described as individuals with impaired impulse control (Hoyer, Kunst, & Schmidt, 2001; Ward et al., 1998) . According to RST, impulsive behaviour is associated with sensitivity to reward, especially in situations in which rewards are readily available (Gray, 1982 (Gray, , 1987 . Consequently, sex offenders are assumed to exhibit stronger approach behaviours towards rewarding stimuli than non-offenders.
However, various subgroups of sex offenders would be predicted to differ from one another in reinforcement sensitivity and the behaviours associated with it in conflict situations (i.e. both appetitive and aversive reinforcers are available simultaneously). Because BIS-related conflict resolution is associated with anxiety (Corr, 2004; Gray & McNaughton, 2000) , predictions can be made about the reinforcement sensitivity of different subgroups of sex offenders in conflict situations according to their level of anxiety. Paraphilic and non-paraphilic, or impulse control-disordered, sex offenders have been shown to differ substantially from each other in their level of social anxiety (e.g. Hoyer et al., 2001; Leue, Borchard, & Hoyer, 2004; McElroy et al., 1999; Raymond, Coleman, Ohlerking, Christenson, & Miner, 1999) . For example, paraphilic sex offenders have been found to have a significantly higher lifetime prevalence of social phobia than impulse control-disordered sex offenders. Gray and McNaughton attributed social phobia to elevated BIS-reactivity, which should be associated with increased motivation to resolve conflicts. Therefore, paraphilic and impulse controldisordered sex offenders would be expected to differ in their level of reinforcement sensitivity. Paraphilic sex offenders, with their higher lifetime prevalence of social phobia, would also be expected to show stronger BIS-reactivity in conflict situations than would impulse control-disordered sex offenders.
Impulse control-disordered sex offenders would not necessarily be expected to be lower on anxiety than non-offenders. They would, however, be expected to show more reward-seeking behaviours, both in general and in conflict situations, which require behavioural adaptation to avoid aversive consequences. The greater reward-seeking behaviours of impulse control-disordered sex offenders can be thought of as activating the conflict-resolution mechanism BIS (Gray & McNaughton, 2000) less frequently than in non-offenders.
In summary, we have the following hypotheses by which we expected to find (a) a stronger reward sensitivity in paraphilic and impulse control-disordered sex offenders in a predominantly rewarding situation than in male non-offenders. In a conflict situation that requires BIS-related behavioural adaptation, we expected that (b) impulse controldisordered sex offenders would show stronger reward-seeking behaviour and, consequently, less adaptive behaviour than male non-offenders. (c) Impulse controldisordered sex offenders would also show less adaptive behaviour in a conflict situation than paraphilic sex offenders. Finally, we explored whether subgroups of sex offenders and non-offenders could be differentiated from one another based on psychometric and experimental data.
Method
Participants Male non-offenders Male non-offenders were recruited through newspaper advertisements and flyers in two German cities. Volunteers were included in the sample if they were older than 16 years and judged to be of normal intelligence and not currently suffering from a psychosis. Additional inclusion criteria were that participants had never been convicted of a crime and did not fulfil the criteria for antisocial personality disorder (APD, DSM-IV-TR 301.7) as determined by a DSM-IV Structured Clinical Interview. One potential participant was excluded because he had previously been convicted of a crime. The final sample consisted of 51 participants whose mean age was 34.5 years (SD ¼ 13:4, range ¼ 20 -68 years).
Sex offenders
Male sex offenders (N ¼ 101) from seven forensic hospitals in Germany were invited to participate under the same inclusion criteria as for the non-offenders, except that volunteers with APD were not excluded. Each offender had committed at least one sexual offence related to rape, child molestation, sexual coercion, or sexually motivated homicide. Exhibitionists were not included because they are seldom admitted to forensic hospitals. Two participants were excluded because they had difficulty in completing the choice task (see below). The final mean age of the sample group was 36.0 years (SD ¼ 10:1, range ¼ 16 -66 years).
Previous research has clearly shown that the use of judicial criteria (e.g. rape, child molestation) to define types of sex offenders causes heterogeneous subgroups (see Table 1 ), which mask more relevant psychological differences among groups (e.g. Hoyer et al., 2001; Wulfert; Greenway, & Dougher, 1996) . Thus, we divided the sample of sex offenders according to the extended diagnostic criteria for paraphilia (DSM-IV-TR 302.xx) and for impulse control disorder not specified elsewhere (DSM-IV-TR 312.30).
On the basis of the diagnostic criteria and expert reports or judicial verdicts included in patients' records, the first author classified 50 sex offenders as paraphiliac and 48 as impulse control disordered. One sex offender who fulfilled the criteria for both paraphilia and impulse control disorder not specified elsewhere was excluded from the statistical analysis of the subgroups of sex offenders.
Using the same criteria, psychologists or psychiatrists working clinically with 70 sex offenders independently classified them. Sixty-five of these classifications corresponded to the judgment of the first author (inter -rater correspondence ¼ 92:9%; kappa coefficient ¼ :89). Sex offenders and non-offenders did not differ in age, tð148Þ ¼ 0:76. Paraphilic sex offenders (N ¼ 29) more often met the diagnostic criteria for lifetime social phobia than did the impulse control-disordered sex offenders (N ¼ 15, x 2 ð1Þ ¼ 6:32, p , :05). Forty-four of the offenders and four of the non-offenders had a lifetime diagnosis of social phobia.
Choice task
We used Avila and Parcet's (2000) choice task because of its demonstrated potential for discriminating between high-and low-impulsive individuals during reward and nonreward phases and between high-and low-anxious individuals during the non-reward phase. The choice task was programmed in Cþþ for DOS and consisted of two phases with 200 trials each. In the reward phase, all responses to Button 1 were rewarded with winnings between 2 and 11 points. Fifty percent of the responses to Button 2 were rewarded with winnings between 8 and 21 points; the other 50% of the responses resulted to zero points. Under non-reward, one of the two buttons was no longer associated with a reward; participants never received points when they pressed this button. Responses to the other button were rewarded as before. Whether or not responses to Button 1 or to Button 2 were not rewarded was based on the following rule: if one of the buttons had been used on more than 75% of the trials during the reward phase, that button was no longer rewarded during the non-reward phase. If fewer than 75% of the responses had been made to one button, non-reward of response to one of the two buttons was determined by the participant number. For oddnumbered participants, responses to Button 1 were no longer rewarded (53 offenders, 27 male non-offenders); for even-numbered participants, responses to Button 2 were no longer rewarded (46 offenders, 24 non-offenders). Note. The clinical diagnosis paraphilia includes paedophilia and sexual sadism. Paedophilia was found in 24 sex offenders, and sexual sadism in 18. Co-morbid diagnoses of paraphilia were found in eight sex offenders.
The choice task and the instructions for it were presented on a 17 00 computer monitor. The screen dump appeared as follows (see Figure 1) : Two 3 £ 3 cm squares appeared in the centre of the monitor. On the left and right sides, the word 'Button 1' or 'Button 2' appeared, respectively. Two 5 £ 2 cm rectangles appeared below the two squares. The left rectangle was 4 cm below the square on the left, and the right rectangle was 7 cm below the square on the right. Inside the left rectangle, the word 'Points' was written, and inside the right rectangle, the words 'Total Score' were written. Participants were asked to press one of two buttons on a keypad on each 2-second trial. They were told that they could earn points from their button presses and were instructed to accumulate as many points as possible. Participants were free to choose either of the buttons on each trial.
In case of a valid button press, the number of points earned appeared inside the left rectangle for 1.5 seconds, and the button that was pressed appeared in an orange colour on the monitor. Next, the total number of points earned ('Total score') was displayed inside the right rectangle, where it remained continuously. When the points inside the left rectangle disappeared, the participant could again choose one of the two buttons to press. Not pressing a button within the 2-second interval or pressing both buttons resulted in zero points. Prior to the experimental trials, 10 practice trials were administered. Participants were given permission to ask questions after the practice trials to ensure that they understood the task.
Personality measures
Participants completed questionnaires that measured FFFS/BIS and BAS reactivity (e.g. Pickering et al., 1997; Pickering & Gray, 2001 ). The BIS/BAS scales (Strobel, Beauducel, Debener, & Brocke, 2001 ) consist of 24-items with the total BAS scale that includes three subscales (Drive, Fun Seeking, Reward Responsiveness). The items are answered on a 4-point Likert scale (1 ¼ not at all, 4 ¼ exactly). The Eysenck Personality QuestionnaireRevised (EPQ-R, Ruch, 1999) includes 102 items, answered dichotomously (yes, no), that measure Extraversion, Neuroticism, Psychoticism, and the tendency to lie. The I7 Questionnaire (Eysenck, Daum, Schuygens, & Diehl, 1990 ) is also answered in yes/no format and includes Impulsivity (17 items) and Venturesomeness (16 items) subscales. Agreeableness, Conscientiousness, Neuroticism, and Extraversion were measured with the NEO-Five Factor Inventory (NEO-FFI, Borkenau & Ostendorf, 1993) , whose items are answered on a 5-point Likert scale (1 ¼ strongly disagree, 5 ¼ strongly agree). The first three scales were included because of their relationship to FFFS/BIS reactivity, and Extraversion was included because of its relationship to BAS-reactivity (Pickering & Gray, Figure 1 . Display of the choice task presented on the monitor.
2001). Finally, the 40-item Sensation-seeking Scales-Form V (SSS-V, Beauducel, Strobel, & Brocke, 2003) , with forced-choice answer format, includes the Boredom Susceptibility, Disinhibition, Experience Seeking, and Thrill and Adventure Seeking subscales. In addition, the Number-Connecting Test (Zahlen-Verbindungs Test, ZVT; Oswald & Roth, 1987) was used to control for numerical ability and processing speed. It includes four sheets of paper, each of which contains numbers from 1 to 90; the respondent is instructed to connect the numbers as quickly and accurately as possible. Among sex offenders and male non-offenders, Cronbach's a for the personality questionnaires and the ZVT varies from moderate to high (see Leue, 2005) .
Procedure
To expedite the procedure, the non-offenders gave verbal consent by telephone and then were sent a portion of the questionnaires to complete at home prior to their testing session. They brought the completed questionnaires with them to the experimental session, and they gave written informed consent. Their numerical abilities and processing speed were first tested in a quiet experimental room, and then they completed the choice task. Each session lasted approximately 1.5 hours. The sex offenders were tested on two different days in a quiet room in their respective forensic hospitals. Each session lasted from 1.5 to 2 hours. In the first session, the sex offenders gave written informed consent and completed the personality questionnaires. In the second session, they completed the ZVT and the choice task. Both groups received detailed feedback about their results from the personality tests and the choice task.
Data analysis
Statistical analyses were conducted using SPSS for Windows, Version 11.0. The major hypotheses were tested with hierarchical multiple regression analysis. Several variables were entered as control variables in the analysis. First, age was controlled because approach-avoidance behaviour varies according to participants' age (Pickering et al., 1997) . Second, the global measure of intellectual ability was controlled because an association between intelligence and sexual offending behaviour has been reported (see Cantor, Blanchard, Robichaud, & Christensen, 2005) . Third, the type of non-rewarded button presses (partial vs. continuous) was controlled because reinforcement sensitivity and behaviours associated with it can vary depending on the reinforcement schedule that is used (Corr, 2001) .
Age, intellectual ability, and group membership were all relevant predictor variables for the reward phase. When age and intellectual ability were non-significant predictors in the first analyses, only group membership was entered as a predictor in the next analysis. For the non-reward phase, age, intellectual ability, and type of non-rewarded button were entered first as predictors in the sequential regression analysis. When one or more of these predictors was significant, both group membership and the other significant predictor(s) were entered in the next regression analysis.
Repeated measures ANOVA was used to determine whether the number of responses to Button 1 or Button 2 during the reward phase decreased when responses were no longer rewarded. Univariate ANOVAs and post hoc tests were used to examine group differences on the personality measures. Finally, multinomial logistic regression was used to investigate whether psychometric and experimental data differentiated offenders from non-offenders.
Results

Preliminary analyses
During the reward and the non-reward phases of the experimental task, both the offenders (N ¼ 99) and the non-offenders (N ¼ 51) made very few errors indicated (a) by simultaneously pressing Button 1 and Button 2 or (b) by non-response within the 2-second interval. Sex offenders and non-offenders did not differ from each other in the number of errors that they made in either phase of the task, all Us , 2; 509:50, ns. 1 Consequently, all of the participants seemed to understand the task and were committed to performing it.
Experimental tasks
Reward condition
The results of the hierarchical regression analyses indicated that only group membership (i.e. offender or non-offender) significantly predicted the number of responses made on Button 1 2 (see panel 1 of Table 2 ). The positive beta coefficient (b ¼ 0:30, p , :01) indicates that sex offenders (M ¼ 119:46, SD ¼ 20:23) made more responses to Button 1 than non-offenders (M ¼ 101:63, SD ¼ 33:70). Thus, Hypothesis a, which assumed that offenders would make more responses than non-offenders to the continuously rewarded Button 1, was supported. As expected, the regression analysis that compared impulse control-disordered and paraphilic sex offenders showed no differences between the two groups on number of responses.
Manipulation check
Offenders (N ¼ 99) and non-offenders (N ¼ 51) responded to the change in reward. A repeated measures ANOVA in which phase was the repeated measures factor (Greenhouse-Geisser corrected) showed a significant reduction in the number of responses from the reward to the non-reward phase in sex offenders, Table 2 ) and supports Hypothesis b. Since group was a significant predictor it was entered together with the group £ non-rewarded button moderator as predictors into subsequent regression analysis. None of these predictors was significant (panel 2 of Table 2 ).
Finally, we conducted a hierarchical regression analysis that included paraphilic sex offenders and non-offenders. Results of this analysis indicated (in contrast to results presented in Table 2 ) that only the type of non-rewarded button predicted the number of responses under non-reward ðb ¼ 20:22, p , :05Þ. There was a higher number of responses to the non-rewarded button when Button 1 was no longer rewarded, Fð1; 2; 141:55Þ Table 2 ), type of non-rewarded button and group membership were entered together as predictors in the next regression analysis. The results of this analysis supported Hypothesis c, which predicted that impulse control-disordered sex offenders Table 2 ). Moreover, the negative beta coefficient for type of non-rewarded button confirmed that the number of responses increased when Button 1 was no longer rewarded, regardless of participants' group membership. Entering group, non-rewarded button, and the group £ nonrewarded button moderator as predictors into a subsequent analysis, none of these predictors was significant (Table 2) .
Psychometric measures and experimental task
Univariate ANOVAs with post hoc follow-up tests indicated that the impulse controldisordered sex offenders were higher on several BAS-related scales than were paraphilic sex offenders and non-offenders. With the exception of NEO-FFI Agreeableness and Conscientiousness, paraphilic sex offenders (and partly impulse control-disordered sex offenders) were higher on the BIS-related scales than were nonoffenders (see Table 3 ). Multinomial logistic regression analyses have been conducted for BIS-related personality scales and the experimental task as well as for BAS-related personality scales and the experimental task. Reward sensitivity scales and impulsivity scales have been shown to measure only partly overlapping constructs . Thus, separate multinomial logistic regression analyses were conducted for these scales, excluding the SSS-V Boredom Susceptibility subscale because of its low reliability among sex offenders (a ¼ :24) and male non-offenders (a ¼ :42). Altogether, seven or eight predictors were entered in the logistic regression analysis, almost in accordance with the recommended ratio of sample size and number of predictors for regression analyses (e.g. Tabachnick & Fidell, 2001) .
In all of the analyses, psychometric measures and responses on the experimental task contributed to the differentiation of subgroups of offenders and non-offenders (see Table 4 ). On all three groups of psychometric measures (i.e. BIS scales, rashspontaneous impulsivity scales, reward sensitivity scales), there were significant differences among the groups of participants. On the BIS-related scales, the BIS scale, the EPQ-R Neuroticism scale, and the NEO-FFI Agreeableness and Neuroticism scales were found to be the significant predictors of group classification, x 2 ð14Þ ¼ 82:16, p , :01; correct classification: 61.7%. Among the reward sensitivity scales, EPQ-R Extraversion and the BAS subscales emerged to be significant predictors for group classification, x 2 ð14Þ ¼ 66:45, p , :01; correct classification: 57.7%. Finally, on the rashspontaneous impulsivity scales, only I7 impulsivity was a significant predictor of group membership, x 2 ð16Þ ¼ 52:03, p , :01; correct classification: 51.0%.
Discussion
The predictions about differences in FFFS/BIS-and BAS-reactivity among subgroups of sex offenders and in comparison to male non-offenders were generally supported.
As predicted by Hypothesis a, the two subgroups of sex offenders made more responses to the continuously rewarded button than male non-offenders. In accordance with Hypothesis b, paraphilic sex offenders were comparable to non-offenders in adapting their behaviour under non-reward, whereas impulse control-disordered sex offenders made more responses when the reward condition was changed. For the first time, it was shown that subgroups of sex offenders who were divided into paraphilic and impulse control-disordered differed substantially in their reinforcement sensitivity under conflict, and impulse control-disordered sex offenders were also different from male non-offenders. Under conflict, paraphilic sex offenders showed FFFS/BIS-and BASreactivity that was similar to non-offenders. Whereas paraphilic sex offenders can be described as being more FFFS/BIS and less BAS reactive, impulse control-disordered sex offenders appeared to be more BAS and less FFFS/BIS reactive in that conflict situation. These results, together with the finding that psychometric and experimental data contributed substantially to the differentiation among sex offenders and non-offenders, encourage continued use of multi-method approaches in forensic psychology. The less risky approach behaviour of paraphilic sex offenders in the non-reward condition of the task corresponds to the way these offenders usually commit their offences. Paraphilic sex offenders normally plan their offences (e.g. Hoyer et al., 2001) . Thus, they appear to try to control the situation in order to maximize their positively reinforcing experience. On the other hand, risky behaviours, such as those in conflict situations that are less easy to control, would probably be aversive to these offenders. Impulse control-disordered sex offenders also focus on positive reinforcement when it is easy to obtain (e.g. in the reward condition of the task); however, these individuals usually commit their offences spontaneously without planning (Hoyer et al., 2001 ). This interpretation is consistent with these individuals' behaviour in the experimental situation. Their behavioural inhibition was significantly lower under non-reward than that of paraphilic sex offenders and non-offenders. The function of the BIS for impulse control-disordered sex offenders in conflict-inducing situations would appear to account for their behaviour. The BIS enables the individual to evaluate stimuli that impinge on them, and it normally activates the FFFS to stop ongoing behaviour when aversive consequences are likely to occur (Gray & McNaughton, 2000; . Under these circumstances, the BIS switches from a 'checking' to a 'control' mode (Gray & McNaughton, 2000) . Among impulse control-disordered sex offenders, it would seem that the BIS is more often in the checking mode than the control mode, whereas the BIS of paraphilic sex offenders and male non-offenders would switch more frequently to the control mode when fewer aversive consequences are expected, thus making it more likely that behavioural changes would be initiated. The present results suggest that people with extreme scores on BIS/BAS reactivity could be a vulnerability to sexual delinquency.
The longer offenders are hospitalized, the more important predictors become for assessing their risk of future criminal behaviour while they are still in the non-offending setting. Thus, one possibility for increasing the reliability of diagnostic and prognostic decisions would be to make use of predictors that distinguish offenders from nonoffenders, such as their reinforcement sensitivity. Another possibility would be to combine questionnaire and experimental results in a multi-method approach that would consider the concordance and discordance between various sources of information (see Campbell & Fiske, 1959; Mills & Kroner, 2006) . This study demonstrates that psychometric and experimental measures of reinforcement sensitivity are a promising means of differentiating subgroups of sex offenders from non-offenders.
There are also opportunities for additional research on this topic. One opportunity would be to use the Implicit Association Test (IAT) to assess the role of offence-related stimuli on sex offenders' approach/avoidance motivation. As recently demonstrated (Gray, Brown, MacCulloch, Smith, & Snowden, 2005) , the IAT can differentiate among sex offender subgroups according to their socially stigmatized beliefs, which, in-turn, are very likely related to whether or not they will commit an offence. Offence-related stimuli that are appetitively reinforcing for subgroups of sex offenders could be a robust predictor of their recidivism. To clarify better the role of the BIS in the conflict resolution of subgroups of offenders, it might also be helpful to identify the biological markers of delinquency. For instance, the N2-amplitude of the event-related potential could be a worthwhile parameter to study because it has been shown to reflect conflict processing and withholding responses during conflict tasks (e.g. Chen, Tien, Juan, Tzeng, & Hung, 2005) .
The primary implication of the present study for the treatment of sex offenders and public policies regarding them is that RST can serve to clarify the cognitive-behavioural components of the disorder. This is consistent with other results on the effectiveness of cognitive-behavioural treatments for sex offenders (Marques et al., 2005; Marshall & Laws, 2003) . Reinforcement sensitivity is, therefore, a promising tool for sex offender intervention programmes. As Levenson and Cotter (2005) illustrated, certain public policies, such as residential restriction of sex offenders, are likely to increase the chances of recidivism. Thus, public policies should focus instead on promoting cognitive-behavioural treatment programmes that address static and dynamic personality characteristics of subgroups of sex offenders, individual differences in their information processing and environmental factors that affect their behaviour (see Hoyer, Borchard, & Kunst, 2000; Wulfert et al., 1996) .
From a more general point of view, this study illustrates that a personality theory, which has been originally developed in a neurobiological field of psychology, can have substantial implications for research in clinical or forensic fields of psychology. The use of quasiexperimental data for the characterization and identification of sex offenders might be of considerable practical interest because the assessment of quasi-experimental data in settings that are not directly related to the issue of sexual offence cannot be easily faked. Even when a lot of research would still be necessary, it might be possible someday to use quasi-experimental settings like the present one as additional diagnostic or prognostic tools in sex offender treatment or risk assessment. Therefore, replications of the present results and the comparison of sex offenders and other offender groups would be necessary. Moreover, once a quasi-experimental task like the present one is validated it might also be used as a pre-post measure of treatment success in subgroups of sex offenders.
With regard to a more theoretical perspective, quasi-experimental paradigms as used in this study might be incorporated into psychological research based on several sources of data (e.g. functional magnet resonance imaging, electroencephalography, genetics; see Zuckerman, 1999) . Those neuropsychological results hold great potential for the development of treatment interventions (e.g. Etkin, Pittenger, Polan, & Kandel, 2005; Mundo, 2006) . As recently shown, event-related potentials of the electroencephalogram (EEG) such as the N2-amplitude or the feedback-related negativity demonstrated a differential sensitivity towards conflict-related stimuli and reinforced outcomes (e.g. Chen et al., 2005; Hajcak, Moser, Holroyd, & Simons, 2006) . Since subgroups of sex offenders differed substantially in their sensitivity towards appetitive and aversive reinforcers by means of psychometric and performance data, it could be promising to investigate whether offender groups could be differentiated on their BIS/BAS reactivity by means of neuropsychological data as well. In the long run, those multi-level results could encourage the integration of neuropsychological results into offender risk assessment and the development of more sophisticated treatment approaches.
